Leguminous plants have both symbiotic and nonsymbiotic hemoglobin (sym-and nonsym-Hb) genes. Three symbiotic (LjLb1, 2, 3) and one nonsymbiotic (LjNSG1) Hb genes were isolated from a genomic library of Lotus japonicus MG20 Miyakojima. Two motif sequences (AAAGAT and CTCTT) critical for nodule specific expression were conserved on the 5¢-upstream sequence of LjLb1, 2 and 3. The 5¢-upstream region of LjNSG1 contained the sequence consensus for nonsym-Hb. RT-PCR with specific primer sets for each LjLb gene showed that all the sym-Hb genes (LjLb1, 2, 3) were expressed specifically and strongly in root nodules. The expression of LjLb1, 2 and 3 could not be detected in root, leaf or stem of a mature plant, whereas low level expression was detected in seedlings by RT-PCR. This suggests that sym-Hbs may have another unknown function besides being oxygen transporter for the microsymbiont in symbiotic nitrogen fixation. The expression of LjNSG1, examined with RT-PCR, was detected at low level in root, leaf and stem. The expression of LjNSG1 was enhanced in root nodules, whereas it was repressed in roots colonized by mycorrhizal fungi Glomus sp. R10. The repression of the nonsym-Hb gene was also observed in the roots of Medicago sativa colonized by Glomus sp. R10.
Introduction
Hemoglobin (Hb) in legumes, so called leghemoglobin (Lb), exists abundantly in root nodules and regulates oxygen concentration to create a micro-aerobic environment for nitrogenase activity of rhizobia in the symbiotic zone. Hbs have also been found in the root nodules of nitrogen-fixing nonlegumes such as Casuarina glauca, Myrica gale and Alnus glutinosa. These Hbs, which are nodule specific or associate with a symbiotic interaction with microorganisms, are called "symbiotic hemoglobins (sym-Hbs)". Lbs, i.e. sym-Hbs in legumes, are encoded by a family of genes and multiple isomers exist in nodules.
Other Hbs showing only a limited amino acid sequence similarity to the sym-Hbs have been identified in non-nodulating plant Hordeum, Triticum, Arabidopsis, Zea and Oryza (Arredondo-Peter et al. 1998 ). These findings suggest that Hbs are contained in all plants, and the Hbs in non-nodule tissues are called "nonsymbiotic hemoglobins (nonsym-Hbs)". Nonsym-Hbs have also been identified in legumes, Glycine max (Andersson et al. 1996) and Medicago sativa (Seregélyes et al. 2000) and in nodulating non-legumes Casuarina glauca (Jacobsen-Lyon et al. 1995) . A nonsym-Hb gene in M. sativa, Mhb1, is expressed under hypoxia as are other nonsym-Hbs (Seregélyes et al. 2000) . However, it is not clear whether nonsym-Hb has any role in symbiosis with microorganisms.
In this report, genomic clones of three symbiotic and one nonsymbiotic Hb genes were isolated from the genomic library of a model legume Lotus japonicus MG20 Miyakojima (Sato et al. 2001) . To examine the response of these Hb genes to microsymbionts, the expression of each sym-and nonsym-Hb gene was analysed by RT-PCR. We focused on the expression of Hb genes in plants that are in symbiosis with Mesorhizobium loti and Glomus sp. The expression of the nonsym-Hb gene of M. sativa was also examined in plants that are in symbiosis with Glomus sp. for comparison with that of L. japonicus. This is the first report about the expression pattern of nonsym-Hb gene within the plant that is in symbiosis with mycorrhizal fungi.
Results

Structure of sym-Hb genes of L. japonicus
Two sets of PCR primer pairs, LjLbF1/LjLbR1 and LjN77F1/LjN77R1, were used for amplification of the part of genomic sym-Hb genes of L. japonicus. Three DNA fragments were amplified by PCR using genomic DNA of L. japonicus Miyakojima MG20 as a template, suggesting that at least three independent sym-Hb genes exist on the genome. Another three sets of primer pairs, LjLbF2/LjLb1R, LjLbF2/LjLb2R and LjLbF2/LjLb3R, were redesigned according to the sequences of the three fragments generated by PCR using primer pairs of LjLbF1/LjLbR1 and LjN77F1/LjN77R1, and were used for screening the 3D-pool of the genomic library constructed by the TAC vector (Liu et al. 1999 , Sato et al. 2001 . As a result of screening, three independent sym-Hb genes were identified and were referred to as LjLb1, LjLb2 and LjLb3 (Fig. 1 ). The TAC clones on which LjLb1 and LjLb2 were located adjoined each other. Furthermore, LjLb3 was mapped approx. 3 cM away from LjLb1 and LjLb2 on the same linkage group (linkage group 5, marker names are TM0089 for LjLb1 and LjLb2 and TM0090 for LjLb3; http://www.kazusa.or.jp/lotus/). The genomic sequences of the three sym-Hb genes were decided including a 5¢-promoter region and 3¢-UTR. Although the sequences of the four exons and two of the three introns were conserved, the third intron was specific to each sym-Hb gene. No significant homology could be detected in the 3¢-UTR except for the putative signal sequence (AATAAA) for poly-A addition. The sequences of the 5¢-upstream regions showed high homology with the promoter sequence of sym-Hb gene of other leguminous plants. The nodulin motif (AAGAT and CTCTT) like sequences were found in this region (Fig. 2) . For LjLb1, the spacing (14 bp) between the motif sequences differs from that in other sym-Hb genes LjLb2 (6 bp) and LjLb3 (5 bp).
Structure of nonsym-Hb gene of L. japonicus
Two sets of primer pairs for amplification of nonsym-Hb gene, LjNSGF1/LjNSGR1 and LjNSGF2/LjNSGR2, were designed according to the sequence of the nonsym-Hb homologue appearing in seedling expressed sequence tags (ESTs) of L. japonicus . Two DNA fragments were amplified by PCR with each primer pair and the sequences of the amplified products supported the fact that these DNA fragments were derived from the same gene on the genome. From the 3-D pool of the genomic library, one TAC clone was screened using the primer pair LjNSGF1/LjNSGR1 for nonsym-Hb gene. The Hb gene on this clone showed high homology with known nonsym-Hb genes and was referred to as LjNSG1 (Fig. 1) . LjNSG1 was mapped on the linkage group 3 (marker name is TM0091, http://www.kazusa.or.jp/lotus/). The highly conserved sequence (GAAGGG) among the nonsym-Hb genes existed on the 5¢-upstream region of LjNSG1 and one of the nodulin motif sequences (CTCTT) was also found (Fig. 2) . Southern hybridization probed with sym-and nonsym-Hb genes of L. japonicus Southern hybridization probed with sym-and nonsym-Hb genes was performed against genomic DNA of L. japonicus (Fig. 3) . Total genomic DNA was digested with restriction endonucleases PstI, HindIII and EcoRI, and separated on 0.7% agarose gel. After blotting onto the nylon filter, hybridizations were carried out using 32 P-labeled probes prepared by PCR using the corresponding TAC clone as a template. The hybridization profiles obtained from LjLb1-and LjLb2-probes were identical each other, because LjLb1 and LjLb2 were located on the same PstI fragment, and cross hybridization occurred for HindIII and EcoRI fragments (Fig. 3 , LjLb1, LjLb2). Hybridization profiles obtained from LjLb3-and LjNSG1-probe were specific to each probe (Fig. 3, LjLb3, LjNSG1) . All the hybridized fragments detected were consistent with the restriction maps of each TAC clone carrying sym-and nonsym-Hb genes.
Phylogeny of Sym-and Nonsym-Hbs of L. japonicus with Hbs in other plants
A phylogenetic tree was constructed comparing the amino acid sequences with a known plant hemoglobin, using the neighbour-joining method in the ClustalW program (Fig. 4) . The predicted amino acid sequences of the three sym-Hbs (LjLb1, LjLb2 and LjLb3) of L. japonicus form a cluster within a large cluster of sym-Hbs and with VfLb29 of the gene expression induced by the infection of the mycorrhizal fungi (Frühling et al. 1997) . The predicted amino acid sequence of LjNSG1, nonsym-Hb of L. japonicus, belonged to a cluster with other nonsym-Hbs of leguminous plants.
Expression of sym-and nonsym-Hb genes in nodules and in other tissues
The expression of sym-and nonsym-Hb genes in nodules and in other tissues of L. japonicus was analysed by RT-PCR. For detection of the transcripts of LjLb1, LjLb2, LjLb3 and LjNSG1, primer pairs of LjLbF2/LjLb1R, LjLbF2/LjLb2R, LjLbF2/LjLb3R and LjNSGF1/LjNSGR1 were used, respectively. The primer pair of LjLbF2/LjLb3R generated two cDNA fragments; one was a derivative from a transcript of LjLb2 and the other was from LjLb3 ( is not specific to LjLb3 transcript, the pair is useful for detection of the LjLb3 transcript. RT-PCR using primer pairs for sym-Hb genes (LjLb1, 2 and 3) showed that all the sym-Hb genes were expressed specifically and strongly in root nodules (Fig. 5 ). The significant difference on gene expression did not exist in the case of the three sym-Hb genes of L. japonicus. The expression of the sym-Hb genes could not be detected in root, leaf and stem of a mature plant even though the number of amplification cycles was increased to 35. However, the low level expression was detected in seedlings 3 d after germination (Fig. 6 ). The transcripts from all the sym-Hb genes were detected ( Fig. 6A ) and the expression level in young shoots was estimated to be very low compared with that in nodules (Fig. 6B ). The expression of LjN16, one of the representative late nodulin genes , could not be detected, indicating that there was no RNA contamination from nodules into the RNA prepared from young seedlings (data not shown). This suggests that sym-Hb has unknown function in young tissues other than oxygen transporter for the microsymbiont in nodules. The expression of nonsym-Hb gene (LjNSG1) was detected at low level in root, leaf and stem by RT-PCR (Fig. 5) . LjNSG1 was also expressed in nodules and the level of expression was enhanced compared with that in the other tissues (Fig.  5) . The amount of LjNSG1 transcripts in total RNA was estimated by quantitative RT-PCR and compared between nodules and other tissues. The amount of transcripts of LjeIF-4A was used for normalization. As the result of quantitative real time RT-PCR, the expression level of LjNSG1 in root nodules was almost 20 times higher than that in roots (Fig. 8) .
Expression of sym-and nonsym-Hb genes in mycorrhiza
The expression of sym-Hb genes LjLb1, 2 and 3 could not be detected in the roots colonized by mycorrhizal fungi Glomus sp. R10 (Fig. 7) . Any amplified DNA fragments could not be detected even though the number of amplification cycles in PCR was increased up to 35. This indicates that the infection of mycorrhizal fungi does not induce the expression of sym-Hb genes in L. japonicus.
The expression of nonsym-Hb gene LjNSG1 was repressed in the roots colonized by mycorrhizal fungi Glomus sp. R-10 (Fig. 7) . The expression level of LjNSG1 in the roots detached nodules was estimated to be almost the same as that in the roots without any infection (data not shown). Thus, the repression of LjNSG1 is expected to be a response to the infection of Glomus sp. The amount of transcripts of LjNSG1 was compared between RNA from roots colonized by Glomus sp. and from roots without any infection by quantitative real time RT-PCR (Fig. 8) . The amount of transcripts of LjeIF-4A was used for normalization. The expression level of LjNSG1 in the roots colonized by Glomus sp. was 10 times less than that in the roots without colonization.
To confirm whether repression on nonsym-Hb gene expression is specific to L. japonicus or not, the expression of Mhb1, nonsym-Hb gene of Medicago sativa, was analyzed by RT-PCR (Fig. 9) . The expression of Mhb1 was also repressed in the mycorrhiza of Medicago sativa. The expression level of Mhb1 in mycorrhiza was estimated to be eight times less than that in the normal roots by quantitative RT-PCR (data not shown). These results suggest that mycorrhizal fungi control the expression of the nonsym-Hb gene during the establishment of symbiosis with leguminous plants.
Discussion
Lbs, sym-Hbs in legumes, are the most abundant soluble proteins in root nodules and their genes belong to multigene families (Brisson and Verma 1982, Appleby 1992) . At least three sym-Hb genes, LjLb1, LjLb2 and LjLb3, were identified in the genome of L. japonicus. The sym-Hb promoters contain two motifs that have been shown to be critical for nodule specific expression (the nodulin motif, AAAGAT and CTCTT separated by six or seven nucleotides). The nodulin motifs of the three LjLb genes are slightly different each other (Fig. 2) , whereas no significant differences were detected by RT-PCR in the quantity of mRNA in each gene in the root nodules (Fig. 5) . Pisum sativum has at least five genes for sym-Hbs. The quantity of mRNA in each of the five genes was different in the nodules (Kawashima et al. 2001) . Expression of the PsLb5-10 gene was the highest, and that of PsLb120-8 was the lowest. The nodule morphology of L. japonicus is the determinate type and that of P. sativum is the indeterminate type. The difference in the relative amounts of sym-Hb transcripts in the nodules will be due to the difference of nodule type between P. sativum and L. japonicus
Although sym-Hb has been thought to be a representative late nodulin, Heidstra et al. (1997) reported that the expression of sym-Hb gene of Vicia sativa, VsLb1, was induced within 1 h by a Nod-factor addition, unlike other late nodulin genes. In mature plants of L. japonicus, the expression of the three symHb genes could be detected only in the root nodules the as same as sym-Hb genes in other legumes. Surprisingly, the transcripts of the three sym-Hb genes were detected in young shoots (3 d after germination) independent of Nod factor addition or M. loti infection, even though the expression was very low compared with that in nodules (Fig. 6 ). This result suggests that sym-Hb has another unknown function other than being the oxygen transporter for microsymbionts.
VfLb29, one of the sym-Hb genes of Vicia faba, is known to be induced both in root nodules and in roots colonized by the arbuscular mycorrhiza (AM) fungus Glomus fasciculatum, and other sym-Hb genes (LfLbB, VfLbK, VfLb49) were induced only in root nodules (Frühling et al. 1997 ). The possible function of VfLb29 was to supply oxygen for the respiration of the microsymbiont. The three sym-Hb genes in L. japonicus were not induced in the roots colonized by Glomus sp. R-10 (Fig. 7) . The well-developed hyphae on the surface of the roots might transport sufficient oxygen to internal hyphae so that Glomus sp. R-10 does not need the help of sym-Hb in the host plants, and/or the control of expression might be quite different among VfLb29 and sym-Hb genes in L. japonicus.
A gene that encodes nonsym-Hb was isolated from genomic library of L. japonicus and was referred to as LjNSG1. In C. glauca that establishes symbiotic nitrogen-fixing associations with the actinomycete Frankia, expression of the nonsym-Hb gene (cashb-nonsym) was not detectable in nodules (Jacobsen-Lyon et al. 1995) . On the other hand, the nonsym-Hb gene (Soyhb) of G. max was expressed in root nodules and the expression level was slightly higher compared with that in shoots, leaves, flower buds and root (Andersson et al. 1996) . LjNSG1 was expressed in all of the tissues tested and the expression level was estimated to be 20-fold higher in nodules compared with that in roots by quantitative RT-PCR (Fig. 5, 8) . The sequence of 5¢-upstream region of LjNSG1 contains the nodulin motif-like sequences (CACGAT-6 bases spacer-CTCTT), which resemble the nodulin motif sequences (CAA-GAT-6 bases spacer-CTCTT) of sym-Hb genes of C. glauca. The promoter analysis of nonsym-Hb of Trema tomentosa, a kind of elm tree and non-nodulating plant, was reported by Andersson et al. (1997) . The nodulin motif-like sequences (AAGGAG-4 bases spacer-CTCTC) and consensus sequence of nonsym-Hb (GAAGAG) were also found in the promoter of the nonsym-Hb gene of T. tomentosa (Fig. 2) , and it was presumed that both AAGGAG and GAAGAG sequences were critical for the nonsym-Hb expression in nodules and roots of transgenic Lotus corniculatus. Both the consensus sequence of nonsym-Hb like sequence (GAAGGG) and nodulin motif like sequences (CACGAT-4 bases spacer-CTCTT) were found on the promoter region of LjNSG1. These sequences might be critical for the enhanced expression of LjNSG1 in root nodules of L. japonicus.
There are several reports about expression and induction of nonsym-Hb gene in plants. The nonsym-Hb gene of soybean was expressed in many tissues but at different levels (Andersson et al. 1996) . Accumulation of mRNA from the nonsym-Hb gene or the nonsym-Hb protein was detected under hypoxia in barley (Taylor et al. 1994 ) and in rice plants (LiraRuan et al. 2001 ). The nonsym-Hb gene in barley is shown to be involved in ATP metabolism under hypoxia (Sowa et al. 1998) . The expression profile of the two nonsym-Hb genes of A. thaliana, AHB1 and AHB2, is also well documented. The expression of AHB1 was induced by hypoxia in roots and rosettes, whereas that of AHB2 was induced by low temperature (Trevaskis et al. 1997) . Wang et al. (2000) revealed that AHB1 also responds to the level of nitrate using the microarray of A. thaliana. Mhb1, the nonsym-Hb gene of M. sativa, was also inducible by hypoxia but not by low temperature. The level of the transcript of Mhb1 was increased at the G2/M boundary in a synchronized suspension culture (Seregélyes et al. 2000) .
In this report, we focused on the response of Hb genes to microsymbionts and showed that the expression of the nonsymHb genes (LjNSG1 and Mhb1) was repressed in mycorrhiza both in L. japonicus and M. sativa (Fig. 7, 8, 9 ). We do not have a reliable explanation for this observation, because nonsym-Hb is expected to have multiple roles in different plant tissues and to be involved in several metabolic pathways as described by Arredondo-Peter et al. (1998) . Nonsym-Hb will be able to bind to small molecules known to be ligands of hemoglobins, e.g. O 2 , CO and NO. NO is now known to be a signal for activation of the plant defense system (Durner et al. 1998 , Klessig et al. 2000 . Many investigators have reported that the AM-symbiosis reduces root disease caused by several soil-born pathogens (Davis and Menge 1980 , Bärtschi et al. 1981 , Mark and Cassells 1996 , Murphy et al. 2000 , Norman and Hooker 2000 . Recently, Pozo et al. (2002) reported that Glomus mosseae was effective in reducing disease symptoms caused by Phytophthora parasitica infection on tomato roots and that new isoforms of defense-related proteins (chitinase, chitosanase and b-1,3-glucanase) were induced in mycorrhiza. Although it is not clear whether nonsym-Hb is involved in the plant defense system directly, repression of the nonsym-Hb gene might facilitate the activation of plant defense system if nonsym-Hb plays a role as a NO scavenger in a normal plant cell. Further investigation on biochemical characterization will be required to understand the function of plant hemoglobins on symbiosis and the defense system.
Materials and Methods
Plants and microorganisms
Lotus japonicus MG20 (Kawaguchi 2000) and Medicago sativa (Yukijirushi Shubyo Co. Ltd.) were used as the host plants. Mesorhizobium loti MAFF303099 (Saeki and Kouchi 2000, Kaneko et al. 2000) and Glomus sp. R-10 (Dr. Kinkon, Idemitsu Kosan Co. Ltd., Japan) were used as the symbiotic partner.
Nodulation and mycorrhization
For nodulation, the seedlings of L. japonicus were inoculated with M. loti 3 d after germination The inoculated seedlings were transferred onto agar plates and were grown under a regime of 16 h light/ 8 h dark at 25°C. The nodules for RNA isolation were harvested at 6 weeks after inoculation. For mycorrhization, the inoculum and growth conditions were as described previously (Solaiman et al. 2000) . The mycorrhizal colonization was confirmed by microscopy at 6 weeks after cultivation, and the whole root was used for RNA isolation.
Isolation of total DNA and RNA from plants
Genomic DNA of L. japonicus was isolated by extraction with CTAB (hexadecyltrimethyl ammonium bromide) and total RNA was isolated using a phenol-SDS procedure according to the method of Suzuki et al. (1997) .
PCR for amplification and identification of genomic hemoglobin clones of L. japonicus
The primer pairs for amplification of sym-Hb genes were designed based on the sequences of leghemoglobin homologues (AF000390, AF000405, AF000406, AV418770) found in the EST libraries of root nodules of L. japonicus reported by and Asamizu et al. (2000) : LjLbF1, GGCATATGAAACAT-TCAAGAA; LjLbR1, AACCATTGTGACTATATATTTCG, LjN77F1, GCAATAGTGTTCTGTTCTACACC; LjN77R1, GCGAAACCAGA-AACATC. For screening of the 3-D pool of the genomic library of L. japonicus, other primer sets were used. The sequences of the primers were as follows: LjLbF2, AAAGACATGTTCTCCTTTCT; LjLb1R, TGGAATACATATGGTTATAG; LjLb2R, GCTATAAATTTCAACT-TCAG; LjLb3R, AACAAGTTTTATTGGAGTAC. The primer pairs for the nonsym-Hb gene were designed based on the sequence of a nonsym-Hb homologue (AV413959) found in ESTs of seedlings of L. japonicus constructed by Asamizu et al. (2000) : LjNSGF1, TTCT-CACTTCACTTCCATCGC; LjNSGF2, TTGGTCAAGTCATGGAGCG; LjNSGR1, TCACAGTGACTTTTCCAGCG; LjNSGR2, AGACAGA-CATGGCATGAGGC. These primers for nonsym-Hb gene were also used for screening of the 3-D pool of the genomic library. PCR was performed in 30 cycles (94°C for 30 s, 55°C for 30 s, 72°C for 30 s). The PCR products were analyzed on 0.7% or 1.0% agarose gel depending on desired resolution.
Southern hybridization
The genomic DNA of L. japonicus was purified by CsCl-EtBr dye buoyant density gradient centrifugation and was digested with restriction endonucleases, PstI, HindIII, BamHI and EcoRI. The digests (approx. 4 mg) were separated on a 0.7% agarose gel, and then transferred to a nylon filter (Immobilon-Ny+; Millipore). Hybridization was carried out by the same conditions described in Suzuki et al. (2001) . DNA probes for sym-and nonsym-Hb genes were obtained by PCR using corresponding TAC clone as a template. The sequences of primers used for amplification for each gene were as follows: AAA-GACATGTTCTCCTTTCT and TGGAATACATATGGTTATAG for LjLb1; TAGAAAGATCTGTTACCGGT and GCCATTATGGCTATA-AATTTCA for LjLb2; CAATGTTCCTATTGTCCACT and CTGC-CAAACAAAGAATAGCA for LjLb3; TTCTCACTTCACTTCCAT-CGC and TCACAGTGACTTTTCCAGCC for LjNSG1. By using these primer sets, DNA fragments ranging from the second exon to 3¢-UTR of LjLb1, ranging from the third intron to 3¢-UTR of LjLb2, ranging from the first exon to the third exon of LjNSG1, and a part of the third intron of LjLb3 were obtained, respectively. The PCR products were labeled with 32 P using Multiprime DNA labeling system (Amersham) and used as probes.
DNA sequencing and sequence analysis
Sequencing reactions were carried out according to the manufacture's instruction using the BigDye Terminator Cycle Sequencing FS Reaction Kit (Applied Biosystems) and the sequences were read automatically using ABI PRISM 310 and 377, Applied Biosystems). Analyses of sequences and multiple alignment of putative amino acid sequences were performed by the GeneWorks (Intelligenetics) and MacVector programs (Genetics Computer Group).
Analysis of expression of Hb genes by RT-PCR
The expression of each Hb gene was detected and estimated by RT-PCR (OneStep RT-PCR; Qiagen) using specific primer pairs as follows: LjLbF2 and LjLb1R for LjLb1; LjLbF2 and LjLb2R for LjLb2; LjLbF2 and LjLb3R for LjLb3; LjNSGF1 and LjNSGR2 for LjNSG1. For Fig. 6 , first strand cDNA was synthesized by SuperScriptII (Invitrogen) and ExTaq (TaKaRa) was used for amplification. The degenerate primer pair for the three LjLbs was also used in Figs 6 and 7: PEALLLb-F, TCTGGRCCYAMGCAYAGTC; PEALLLb-R CRTCR-CGWGTCAGTSCAAAA. For detection of the gene expression of Mhb1 (nonsym-Hb gene of Medicago sativa, AF172172), the following primers were used: Mhb1F, CATGACATGTGAATCAGCCG; Mhb1R, CCAACTGATCATAAGCTTCTC. The genes for initiation factor 4A3 of L. japonicus, LjeIF-4A and 18S rRNA of M. sativa were used for positive control. The primers for detection of 18S rRNA of M. sativa were CCTAGTAAGCGCGAGTCATC and CATTCAATCGG-TAGGAGCGA. The amplified products were separated on 1% agarose gel electrophoresis.
To quantify the relative amount of transcripts derived from each Hb gene, real time RT-PCR was employed. DNase I-treated total RNA (100 ng) was used as a template in a 50 ml of reaction mixture containing 25 ml of SYBR Green PCR master mix (Applied Biosystems), 1 ml of RNase inhibitor (40 U ml -1 ), 0.25 ml of Superscript II-RT (Invitrogen, 200 U ml -1 ), and 2 ml of each primer (5 mM). RT reaction and PCR were performed using 7700 Sequence Detection System (Applied Biosystems). PCR was carried out 40 cycles of 95°C for 15 s and 60°C for 1 min. The sequences of primers for real time RT-PCR were as follows: CCTTTGGAGGAGAACCCCAA and GAGCTGCTGATTCA-CAAGTCATG for LjNSG1; AGAGGGTTTAAAGATCAAAT and ATGTCAATTCATCACGTTTT for LjeIF-4A. These sequences were designed with Primer Express program (Applied Biosystems). The primer pairs suitable for independent detection of the three LjLbs could 
